
RESEARCH OBJECTIVES
Isotope information in waters, sediments, and dust samples

can be used to identify their sources. The relevant identification
techniques utilize the isotope-ratio variations resulting from
fractionation effects caused by the mass difference among the
isotopes, with diffusion and reaction among the fundamental
processes involved. It is especially important to know isotope
behavior associated with these processes, because this deter-
mines isotope ratios and the degree of fractionation. This study
is aimed at evaluating how fractionations affect the isotopic
ratios in phase transformations such as evaporation, condensa-
tion, and crystal growth. 

APPROACH
We used the Lattice-Boltzmann (LB) method to account for

fluid flow, diffusion, and reaction in phase transformations.
Isotopic kinetics were investigated by considering both diff u s i o n
and reaction rates. The effects of reaction relative to that of diff u-
sion were described with a Damkohler number (Da).

ACCOMPLISHMENTS
LB simulations provide new insights into the behavior of iso-

topes when evaporation, condensation, or crystal growth occur.
Results (Figure 1) show the fractionation effects for a crystal
g rowth under diff e rent diff u s i o n - reaction conditions. Kinetic con-
siderations also include degree of oversaturation and the original
quantity of mass to be deposited. The isotopic distributions are
found to be significantly affected by the diffusive strength of the
lighter and heavier isotopes in comparison with the reaction rate.

SIGNIFICANCE OF FINDINGS
LB simulation connects the crystal growth processes and iso-

topic kinetic effects. The simulation results explain the isotopic
variation in evaporation/condensation, snow and ice formation,
and crystal growth. Judging from this work, LB simulation shows
potential as a method by which to evaluate the fractionation of
isotopes in natural systems, extending the present simulation
capability to investigate the physics bridging molecular dynam-
ics and the conventional continuum domain. 
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F i g u re 1. Calculated 2H(D)/H isotopic fractionation effects in phase
g rowth. Supersaturated concentration is set at 1.2, with identical
reaction rate and a 2H/H diffusion ratio of 0.972.  
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